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Legal Notice

Neither TranServ International, Inc. (TranServ), nor Louisville Gas & Electric Company and
Kentucky Utilities Company (LG&E and KU) nor any person acting on or in the behalf, makes any
warranty, expressed or implied, with respect to the use of any information or methods disclosed
in this document, or assumes any liability with respect to the use of any information or methods
disclosed in this Report. Recipients of this Report release TranServ and LG&E and KU from any
liability for direct, indirect, consequential, or special loss or damage whether arising in contract,
warranty, express or implied, tort or otherwise, and regardless of fault, negligence and/or strict

liability.
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1. Executive Summary

TranServ International, Inc. (TranServ), as an Independent Transmission Organization (ITO) of
Louisville Gas & Electric/Kentucky Utilities (LG&E and KU), has received the following Generation
Interconnection (Gl) Request to provide a Network Resource Interconnection Service (NRIS) and
Energy Resource Interconnection Service (ERIS) to the LG&E and KU Transmission Network.
TranServ has evaluated the Gl Request listed in Table E-1. This report contains the System
Impact Study (SIS) results for Gl Request LGE-GIS-2020-001.

Table E-1
Request Details
Max . . Inter-
Queue Queue Point of Inter- In-Service . Generato
o County | State | Output : connection
Position Date (MW) connection Date Service Type r Type
LGE-GIS- Madison Lake Reba Tap —
2020-001 10/02/2020 County KY 50 West Irvine Tap161 12/31/2024 NRIS/ERIS Solar
kV line

As shown in Table E-1, the LGE-GIS-2020-001 request seeks to interconnect a 50 MW generator
by tapping the Lake Reba Tap —West Irvine Tap161 kV line. If the LGE-GIS-2020-001 request is
granted, the new generation will have interconnection rights for 50 MW net at the POI. The
requested in-service date of the LGE-GIS-2020-001 request is December 31, 2024. A one-line
diagram of the proposed interconnection is given in Appendix A of the full report. This GI SIS
analyzed the impact of this addition, located in Madison County, Kentucky, in accordance with
the LG&E and KU Large Generator Interconnection Study Criteria and LG&E and KU Planning
Guidelines. Both of these documents are posted on the LG&E and KU Open Access Same-Time
Information System (OASIS).

An Ad Hoc Study Group was involved in the study process. Tables E-2 and E-3 document the Ad
Hoc Study Group Comments which relate to independent testing performed by the Ad Hoc Study
Group members consistent with the allowance for such testing in the LG&E and KU Gl Criteria

document.
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Table E-2
Ad Hoc Study Group Independent Study Comments

Ad Hoc Group

Ad Hoc Group Member Comment provided within the

Date Received 07/08/2021 Deadline

Member

No Ad Hoc Member chose to provide independent testing results for this request by the 07/08/2021 deadline.

In addition to the Table E-2 Ad Hoc Study Group responses received prior to the 07/08/2021

deadline, Table E-3 documents additional responses received.

Table E-3
Additional Ad Hoc Study Group Comments
Ad Hoc Group Date Ad Hoc Group Member Comment provided after the
Member Received 07/08/2021 Deadline

No Ad Hoc Member chose to provide a response between 07/08/2021 and issuance of this report.

The GI request, LGE-GIS-2020-001, is a NRIS and ERIS request and thus was studied as
sourcing from the new solar generation interconnected by connecting to the Lake Reba Tap —
West Irvine Tap161 kV line and then sinking into the LG&E and KU system in merit order (NRIS)
or beyond the LG&E and KU Balancing Authority (BA) equally in four directions (North, South,
East, and West) (ERIS). TranServ performed this SIS to determine the impact of this Gl on the
transmission network. The simulations performed considered steady-state contingencies in
Categories PO, P1, P2 EHV, P3, and P4 EHV and stability disturbances in Categories PO - P7 of
the current effective versions of North American Electric Reliability Corporation (NERC) TPL-004
standards and the LG&E and KU Planning Guidelines.

The subject request was evaluated using a 2025 Off Peak, 2025 Summer Peak and 2030 Summer
Peak steady state powerflow model with roots in the LG&E and KU 2021 Transmission Expansion
Plan (TEP) Base Case Study (BCS) models. The GI-2020-001 stability and short circuit models
were rooted in LG&E and KU 2020 TEP models. All models used included the 2020 TEP approved

projects.

This study included the effect of all earlier queued LG&E and KU Gl requests. This study also
included the effect of all confirmed Transmission Service Requests (TSRs). Since a prior queued
request is contingent upon construction of network upgrades, a contingent facility analysis was
performed as detailed in Section 1.3. Representation of the confirmed TSRs may have
necessitated representation of associated planned transmission improvements. Thus, it is

important to realize that if the planned improvements do not come to fruition, the subject request’s




Louisville Gas & Electric/Kentucky Utilities August 2021 Page 6 of 11
LGE-GIS-2020-001 Generation Interconnection SIS Report Executive Summary

impact on the transmission system as identified by this study may become invalid and a revised

study may become necessary before Gl service can be granted.
1.1 Steady-State Analysis Results

No thermal constraints due to the subject request were found. No voltage constraints due to the

subject request were found.

1.2 Flowgate Analysis Results

No flowgate constraints due to the subject request were found.
1.3 Contingent Facility Analysis Results

This study included the effect of all earlier queued LG&E and KU GI requests. This study also
included the effect of all confirmed Transmission Service Requests (TSRs). Since a prior queued
Gl request is contingent upon construction of network upgrades, a contingent facility analysis was
performed. The results of that analysis are shown in Tables E-4 and E-5 for NRIS and ERIS
respectively.

As can be seen from Tables E-4 and E-5, none of the potential contingent facilities were shown
to overload in the GI-2020-001 Contingent Facility Analysis and the GI-2020-001 DF on the
potential contingent facilities was less than the 20% threshold for determining contingent facilities.
Thus there are no GI-2020-001 contingent facilities.

Table E-4
Contingent Facility Analysis Results for NRIS
Pr.e qut
Request Model Facility Rating | Project | Project DF

MW MW
GI-2019-015 20250P 2CLARKSON 69.000 TO 2M-V CLARK T69.000 1 65 23.23 23.27 0.08%
GI-2019-015 20250P 2CLARKSON 69.000 TO 2WARREN TIE 69.000 1 67 42.70 42.64 -0.12%
GI-2019-015 20250P 2EASTVIEW 69.000 TO 2M-V CLARK T69.000 1 62 21.99 22.03 0.08%
GI-2019-015 20250P 2LEITCHF CIT69.000 TO 2LEITCHF E 69.000 1 79 46.83 46.77 -0.12%
GI-2019-015 20250P 2LEITCHF E 69.000 TO 2WARREN TIE 69.000 1 67 43.67 43.61 -0.12%
GI-2019-015 2025S 2CLARKSON 69.000 TO 2M-V CLARK T69.000 1 47 24.35 24.30 -0.11%
GI-2019-015 20258 2CLARKSON 69.000 TO 2WARREN TIE 69.000 1 50 28.13 28.07 -0.11%
GI-2019-015 20258 2EASTVIEW 69.000 TO 2M-V CLARK T69.000 1 42 22.06 22.00 -0.11%
GI-2019-015 2025S 2EASTVIEW 69.000 TO 2STEPHENSBRG69.000 1 45 17.41 17.35 -0.10%
GI-2019-015 2025S 2LEITCHF E 69.000 TO 2WARREN TIE 69.000 1 50 28.16 28.11 -0.11%
GI-2019-015 2025S 4BONNIEVILLE138.00 TO 4LEBANON WES138.00 1 83 30.81 30.41 -0.80%
GI-2019-015 2025S 4BONNIEVILLE138.00 TO 4MERE TVA 138.00 1 121 69.97 69.73 -0.48%
GI-2019-015 2025S 4L EBANON WES138.00 TO 4LEBANON 138.00 1 83 23.49 23.10 -0.78%
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Pre Post
Request Model Facility Rating | Project | Project DF
MW MW
GI-2019-015 2025S ALEITCHFIELD138.00 TO 2LEITCHFIELD69.000 1 82 47.73 47.69 -0.06%
GI-2019-015 2025S 4SHREWSBURY 138.00 TO GI-2019-015P138.00 1 210 150.51 150.31 -0.40%
GI-2019-015 2030S 2CLARKSON 69.000 TO 2M-V CLARK T69.000 1 47 23.70 23.65 -0.10%
GI-2019-015 2030S 2CLARKSON 69.000 TO 2WARREN TIE 69.000 1 50 27.43 27.38 -0.10%
GI-2019-015 2030S 2EASTVIEW 69.000 TO 2M-V CLARK T69.000 1 42 21.46 21.41 -0.10%
GI-2019-015 2030S 2EASTVIEW 69.000 TO 2STEPHENSBRG69.000 1 45 16.89 16.86 -0.06%
GI-2019-015 2030S 2LEITCHF CIT69.000 TO 2LEITCHF E 69.000 1 66 32.94 32.89 -0.10%
GI-2019-015 2030S 2LEITCHF E 69.000 TO 2WARREN TIE 69.000 1 50 27.46 27.41 -0.10%
GI-2019-015 2030S 4BONNIEVILLE138.00 TO 4LEBANON WES138.00 1 83 26.91 26.52 -0.77%
GI-2019-015 2030S 4BONNIEVILLE138.00 TO 4MERE TVA 138.00 1 121 70.97 70.72 -0.50%
GI-2019-015 2030S 4LEBANON WES138.00 TO 4LEBANON 138.00 1 83 19.72 19.34 -0.75%
GI-2019-015 2030S ALEITCHFIELD138.00 TO 2LEITCHFIELD69.000 1 82 45.93 45.90 -0.06%
GI-2019-015 2030S 4SHREWSBURY 138.00 TO GI-2019-015P138.00 1 210 150.62 150.40 -0.45%
GI-2019-029 20250P 2CENT HARDING69.000 TO 2KARGLE  69.000 1 98 79.99 80.06 0.15%
GI-2019-029 20250P 2ETOWN KU 69.000 TO 2KARGLE 69.000 1 98 60.97 61.05 0.14%
GI-2019-029 20250P 4HARDINSBURG138.00 TO 4N.HARD 138.001 191 160.74 160.64 -0.20%
GI-2019-029 2025S 2CENT HARDING69.000 TO 2KARGLE 69.000 1 98 67.05 67.21 0.32%
GI-2019-029 2025S 2ETOWN KU 69.000 TO 2KARGLE 69.000 1 86 48.37 48.53 0.32%
GI-2019-029 2025S 4BLACKBRANCH138.00 TO 4CENT HARDIN138.00 1 227 125.82 125.53 -0.57%
GI-2019-029 2025S 4BLACKBRANCH138.00 TO GI2019029P 138.00 1 208 140.37 140.08 -0.57%
GI-2019-029 2025S 4BLACKBRANCH138.00 TO GI2019029P 138.00 1 208 136.48 136.27 -0.42%
GI-2019-029 2025S 4HARDINSBURG138.00 TO 4N.HARD  138.00 1 191 138.49 138.55 0.12%
GI-2019-029 2030S 2CENT HARDING69.000 TO 2KARGLE  69.000 1 98 65.85 66.01 0.31%
GI-2019-029 2030S 2ETOWN KU 69.000 TO 2KARGLE 69.000 1 86 47.16 47.31 0.31%
GI-2019-029 2030S 4BLACKBRANCH138.00 TO GI2019029P 138.00 1 208 140.49 140.21 -0.57%
GI-2019-029 2030S 4BLACKBRANCH138.00 TO GI2019029P 138.00 1 208 136.61 136.39 -0.44%
GI-2019-029 2030S 4HARDINSBURG138.00 TO 4N.HARD 138.00 1 191 138.61 138.67 0.12%
Table E-5
Contingent Facility Analysis Results for ERIS
P(e qut
Request Model Facility Rating | Project | Project DF
MW MW

GI-2019-015 20250P 2CLARKSON 69.000 TO 2M-V CLARK T69.000 1 65 35.25 35.00 -0.49%
GI-2019-015 20250P 2CLARKSON 69.000 TO 2WARREN TIE 69.000 1 67 37.55 37.30 -0.50%
GI-2019-015 20250P 2EASTVIEW 69.000 TO 2M-V CLARK T69.000 1 62 33.98 33.74 -0.49%
GI-2019-015 20250P 2LEITCHF E 69.000 TO 2WARREN TIE 69.000 1 67 37.61 37.36 -0.50%
GI-2019-015 20258 2CLARKSON 69.000 TO 2M-V CLARK T69.000 1 47 21.81 21.58 -0.46%
GI-2019-015 2025S 2CLARKSON 69.000 TO 2WARREN TIE 69.000 1 50 25.56 25.32 -0.47%
GI-2019-015 2025S 2EASTVIEW 69.000 TO 2M-V CLARK T69.000 1 42 19.53 19.29 -0.46%
GI-2019-015 2025S 2LEITCHF E 69.000 TO 2WARREN TIE 69.000 1 50 25.58 25.35 -0.47%
GI-2019-015 2025S 4BONNIEVILLE138.00 TO 4LEBANON WES138.00 1 83 28.15 27.55 -1.20%
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Pre Post
Request Model Facility Rating | Project | Project DF
MW MW
GI-2019-015 20258 4BONNIEVILLE138.00 TO 4MERE TVA 138.00 1 121 66.90 66.42 -0.97%
GI-2019-015 2025S 4LEBANON WES138.00 TO 4LEBANON 138.00 1 83 20.89 20.30 -1.18%
GI-2019-015 2025S ALEITCHFIELD138.00 TO 2LEITCHFIELD69.000 1 82 45.89 45.73 -0.32%
GI-2019-015 20258 4SHREWSBURY 138.00 TO GI-2019-015P138.00 1 210 146.32 145.77 -1.10%
GI-2019-015 2030Ss 2CLARKSON 69.000 TO 2M-V CLARK T69.000 1 47 21.27 21.04 -0.45%
GI-2019-015 2030S 2CLARKSON 69.000 TO 2WARREN TIE 69.000 1 50 24.96 24.73 -0.46%
GI-2019-015 2030S 2EASTVIEW 69.000 TO 2M-V CLARK T69.000 1 42 19.03 18.80 -0.45%
GI-2019-015 2030S 2EASTVIEW 69.000 TO 2STEPHENSBRG69.000 1 45 15.49 15.30 -0.38%
GI-2019-015 2030S 2LEITCHF E 69.000 TO 2WARREN TIE 69.000 1 50 24.99 24.76 -0.46%
GI-2019-015 2030S 4BONNIEVILLE138.00 TO 4LEBANON WES138.00 1 83 27.57 26.97 -1.20%
GI-2019-015 2030S 4BONNIEVILLE138.00 TO 4MERE TVA 138.00 1 121 68.74 68.25 -0.97%
GI-2019-015 2030S 4LEBANON WES138.00 TO 4LEBANON 138.00 1 83 20.36 19.77 -1.18%
GI-2019-015 2030S 4SHREWSBURY 138.00 TO GI-2019-015P138.00 1 210 146.13 145.55 -1.17%
GI-2019-029 20250P 2CENT HARDING69.000 TO 2KARGLE  69.000 1 98 74.88 74.55 -0.66%
GI-2019-029 20250P 4HARDINSBURG138.00 TO 4N.HARD  138.00 1 191 162.39 162.41 0.06%
GI-2019-029 2025S 2CENT HARDING69.000 TO 2KARGLE  69.000 1 98 62.66 62.36 -0.60%
GI-2019-029 20258 2ETOWN KU 69.000 TO 2KARGLE 69.000 1 86 43.98 43.69 -0.60%
GI-2019-029 20258 4BLACKBRANCH138.00 TO GI2019029P 138.00 1 208 136.54 136.05 -0.99%
GI-2019-029 20258 4BLACKBRANCH138.00 TO GI2019029P 138.00 1 208 132.94 132.45 -0.98%
GI-2019-029 20258 4HARDINSBURG138.00 TO 4N.HARD  138.00 1 191 137.87 137.81 -0.11%
GI-2019-029 2030S 2CENT HARDING9.000 TO 2KARGLE  69.000 1 98 61.58 61.29 -0.58%
GI-2019-029 2030S 2ETOWN KU 69.000 TO 2KARGLE 69.000 1 86 42.90 42.61 -0.58%
GI-2019-029 2030S 4BLACKBRANCH138.00 TO GI2019029P 138.00 1 208 136.62 136.12 -0.99%
GI-2019-029 2030S 4BLACKBRANCH138.00 TO GI2019029P 138.00 1 208 133.01 132.52 -0.98%
GI-2019-029 2030S 4HARDINSBURG138.00 TO 4N.HARD  138.00 1 191 138.02 137.96 -0.11%

1.4 Short Circuit Analysis Results

The Short Circuit Analysis results indicate that the transmission system has adequate interrupting

capabilities to accommodate the addition of the new solar generator.

1.5 Stability Analysis Results

In initially testing the P1 disturbances it was found that with the addition of GI-2020-001 and its

provided protection settings, the GI-2020-001 generation would trip due to the provided voltage

settings. Table E-6 suggest the modified voltage settings for the GI-2020-001 solar generation.
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Table E-6
Modified Voltage Settings for GI-2020-001 Tripping
ITO Customer
Relay Protection Upper Lower Suggested | Provided Breaker
Identifier module Voltage Voltage Upper Relay pick Delay
Number Limit Limit Voltage up Time Time
Limit (sec)
9991592 VTGDCAT 1.2000 -1.0000 1.2300 0.16 0
9991593 VTGDCAT 1.1000 -1.0000 1.2200 10.00 0

It should be noted that the modified upper voltage limit setting mitigation must be verified with the
manufacture by the customer for any technical limitation or generator protection issues. The
customer provided voltage relay settings would result in unacceptable tripping of the GI-2020-001

generation and must be modified.

The GI-2020-001 stability analysis was performed with the ITO suggested settings in Table E-6.
The study relied on the following; all of which are discussed in detail in Section 5 of the full report:

e Modifications to relay settings for the GI-2020-001 generation as provided in Table E-6. If the
suggested Table E-6 relay settings are not achievable for any reason, additional study, in the
Facilities Study, will be required to determine an alternative mitigation.

¢ For simulation with no fault, slight drift in bus angles for some solar generation buses in PSSE
33.12.1 were ignored as discussed in Section 5.8.1.

With the ITO suggested modifications to the GI-2020-001 generation relay settings, all tested
disturbances passed the stability criterion. If the suggested Table E-6 relay settings are not
achievable for any reason, additional study, in the Facilities Study, will be required to determine

an alternative mitigation.
1.6 Stiffness Verification due to Inverter Based Resource Interconnection

The GI-2020-001 Short circuit ratio (SCR) was found to exceed the minimum requirement of 2.0.
Due to the location of the GI-2020-001 POI, the Weighted SCR (WSCR) did not apply. There are
no Grid Stiffness constraints to granting the GI1-2020-001 Gl request.

1.7 Conclusion

This report does not consider any issues related to the proposed routing of the generator lead-
line to connect to the Transmission Owners Transmission System. If it is later determined that

there are line clearance issues related to the generator's proposed lead-line, the customer must
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provide an alternate route that avoids such issues. In the event an alternate route is not available,
the Transmission Owner may need to modify its transmission facilities to maintain adequate

clearances. The Customer will be responsible for the costs and any schedule delay as a result.

No LG&E and KU thermal, voltage, short circuit, or stability constraints due to the subject request

were identified.

However the customer must work with the TO and ITO during the Facilities Study (FS) to
determine mutually agreeable relay settings. If the Table E-6 modified settings cannot be used,

additional study maybe required.

No third party constraints were identified in this study, and no Ad Hoc Study Group member has

indicated a need to perform an Affected System Study as shown in Tables E-2 and E-3.

In order to obtain 50 MW injection at the POI, the study determined that the gross generation at
the plant inverter bus would need to be 51 MW. The solar plant gross generation of 51 MW was
modeled for this SIS. The data provided by the customer supports the 51 MW gross generation

level.

The study determined that the inverters’ +/- 17.163 MVAR reactive capability plus the customer
provided 8 MVAR capacitor did meet the +/- 0.95 power factor at the high side of the customer

main transformer requirement.

Since no LG&E and KU constraints were identified, LG&E and KU has not provided an estimate
upgrade costs. LG&E and KU has however provided a good faith estimate of the interconnection

costs. The Interconnection costs are the same for both the NRIS and ERIS.

e Generator Owner Facilities: Customer to Determine.

e Transmission Interconnection Facilities: $1,142,753 USD.
¢ Network Interconnection Facilities: $9,607,305 USD.

¢ NRIS Network Upgrade Facilities: $0 USD.

e Distribution Facilities: $0 USD.

LG&E and KU’s NRIS good faith estimate of the total cost for facilities is $10,750,058 USD.

LG&E and KU has indicated that the interconnection facilities can be completed within 24 months
after the GIA is signed and the customer provides a construction-ready site. The full report is
available on the LG&E and KU Ciritical Energy Infrastructure Information (CEIll) File Transfer

Protocol (FTP) site. See study report title posting on OASIS for instructions for accessing LG&E
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and KU CEIll FTP site. The LG&E and KU secure CEIll FTP site URL is: https://eftws.Ilge-
ku.com/EFTClient/Account/Login.htm.



